Abstract Background Alcohol increases breast cancer risk. Epidemiological studies suggest folate may modify this relationship. Objective To examine the relationship among breast cancer, alcohol and folate in the Women's Health Initiative-Observational Study (WHI-OS). Methods 88,530 postmenopausal women 50-79 years completed baseline questionnaires between October 1993 and December 1998, which addressed alcohol and folate intake and breast cancer risk factors. Cox proportional hazards analysis examined the relationship between self-reported baseline alcohol and folate intake and incident breast cancer. Results 1,783 breast cancer cases occurred over 5 years. Alcohol was associated with increased risk of breast cancer (RR = 1.005, 95%CI 1.001-1.009). Risk increased with consumption of alcohol (up to 5 g/d, adjusted HR = 1.10, 95%CI 0.96-1.32; [5-15 g/d HR = 1.14, 95%CI 0.99-1.31; and [15 g/d HR = 1.13 95%CI 0.96-1.32). We found no significant interaction between alcohol and folate in our adjusted model. Conclusions We found no evidence for folate attenuating alcohol's effect on breast cancer risk in postmenopausal women. Our results may be due to misclassification of folate intake or the relatively short follow-up period.
Introduction
In 1977, Williams and Horm [1] noted an increased rate of breast cancer in women who consumed alcohol. Subsequent observational cohort studies [2] [3] [4] [5] , as well as several meta-analyses [6] [7] [8] , have demonstrated a relatively consistent positive association between alcohol consumption and breast cancer risk. More recently, several studies [9] [10] [11] [12] [13] , but not all [14] , have reported that folate may attenuate alcohol's effects on breast cancer risk.
Folate is a water-soluble B-vitamin found naturally in green leafy vegetables, beans and legumes, citrus fruits, and in enriched flour and grain products [15] . Folate plays a key role in DNA replication and cell division because of its involvement in the biosynthesis of purines and thymidylates, which are essential building blocks for DNA synthesis and repair. Folate deficiency can result in ineffective DNA synthesis leading to chromosome breaks and disruption of DNA repair. In addition, low folate levels can reduce the availability of S-adenosylmethionine for DNA methylation which may influence gene expression [16] . Alcohol is a folate antagonist and may decrease circulating levels of folate [17] , particularly in those who drink heavily. Its primary metabolite, acetaldehyde, in combination with low folate intake may also lead to the derangement of DNA metabolism and repair, and subsequent inappropriate gene expression [18] [19] [20] [21] .
We sought to examine the relationship between breast cancer and intake of both alcohol and folate, using data from the Women's Health Initiative Observational Study (WHI-OS). We hypothesized that alcohol would increase breast cancer risk, and that folate would attenuate the increased risk of breast cancer observed in alcohol consumers.
Materials and methods

Study population
The Women's Health Initiative-Observational Study (WHI-OS) is a large prospective cohort study of postmenopausal women in the United States, designed to examine the epidemiology of diseases common in older women. A total of 93,676 women were enrolled in the study. Details regarding the recruitment and structure of the WHI-OS have been published elsewhere [22] . In brief, the WHI-OS enrolled postmenopausal women aged 50-79 years at 40 clinical centers throughout the US. Although recruitment occurred between October 1993 and December 1998, the majority of WHI-OS participants were recruited in the last years of recruitment (1997) (1998) . Eligibility criteria included premenopausal status, free from any medical condition might result in death in the next 3 years, and not enrolled in any other clinical trial. All patients completed the process for informed consent and institutional review boards at all participating institutions approved study protocols and procedures.
Follow-up
Annual questionnaires were mailed to the study participants. The follow-up rates for medical history updates in years 1, 2, 4, 5, and 6 (years in which medical histories were collected by mail) were 96, 94, 94, 95 and 94% respectively. As of August 2002, 3.7% of women had stopped participation or had been lost to follow-up and 3.2% had died.
Exposure assessment
Information on exposure variables was obtained at enrollment. Demographic information including age, ethnicity, marital status, education level and income were self-reported at ascertainment of eligibility. A medical history questionnaire captured information regarding breast cancer risk factors (age of menarche and menopause, number of breast biopsies, number of pregnancies, breastfeeding practices (ever versus never), body mass index (BMI [weight (kg)/ height (m 2 )]), family history (first degree affected versus none), and use of exogenous hormones (ever use of estrogen and progestin versus never). Weekly energy expenditure (expressed in metabolic equivalents-METS) was calculated from self-reported usual physical activity. Tobacco use was classified as previous, current or non-smoker.
Women completed a self-administered 122-item food frequency questionnaire (FFQ) at enrollment. Dietary folate was computed from responses to food items on the FFQ, using the University of Minnesota Nutrition Coding Center nutrient database, version 4.03, 1992 (Minneapolis, MN) [23] . The Pearson correlation coefficient between dietary folate intake measured by FFQ and 8-day dietary intake (four 24-h food recalls and 4 day food records) was 0.57 in a validation study using a sub-sample of WHI participants [24] .
Participants brought in their supplements and/or vitamins to their WHI clinic and study personnel recorded folic acid as single supplements (folic acid alone), supplement mixtures (e.g. B-complex containing folic acid), or one-aday multi-vitamins (with folic acid). These were summed to give folate intake from supplement sources. Dietary and supplement intake were summed to provide a total daily folate intake in micrograms per day. The Pearson correlation coefficient between total folate intake and 8-day dietary intake which included supplement intake (four 24-h food recalls and 4 day food records) was 0.69 [24] .
Alcohol intake (including portion size-small, medium or large) over the previous 3 months was categorized into beer, wine, and liquor on the FFQ. A medium portion was defined as one 12 oz can or bottle of beer, one 6 oz glass of wine, or one 1.5 oz shot of liquor with ethanol estimates of 12.6, 13.8 and 17.1 g, respectively [3, 24] . Daily intake of alcohol was expressed in grams of alcohol per day. The Pearson correlation coefficient between alcohol intake by FFQ versus 8 day dietary intake (four 24-h recalls and a 4 day food record) was 0.89 in a validation subsample [24] .
Outcome measurement
Women completed annual follow-up questionnaires regarding health status, including information about new cancer diagnosis. Breast cancer cases were adjudicated by blinded study physicians and trained coders. This process included evaluation of pathology reports, discharge summaries, operative reports and radiology reports for all biopsies and surgeries. Only cases of invasive breast cancer were used in analysis.
Statistical analysis SAS statistical software version 8.2 and S-Plus version 6.2 were used for all analyses. Women were excluded from the analysis if they reported a history of breast cancer at enrollment (n = 5,021) or had implausible (\600 kcal [ 3,500 kcal) [24] dietary intake (n = 113), including folate outliers (n = 2), identified by influence analysis (calculating leverages). A total of 88,540 women remained available for analysis.
We created a four-level alcohol consumption variable: no alcohol consumption (\1 drink/mos), any consumption up to 5 g/d of alcohol (C1 drink/mos to * 3 drinks/week), between 5-15 g/d (between *3-7 drinks/week) and 15? g/d (C1 drink/day). Our cut-points reflect roughly the mean alcohol intake (5 g/d), the equivalent of one drink per day (15 g/d) , and are consistent with other studies [10, 12, 14] . We categorized folate intake into quartiles, a similar approach taken by previous researchers [10, 11, 14] .
Cox proportional hazards regression was used to model risk in association with the exposures of interest, with age as the time-scale. This approach has been recommended for epidemiologic cohort studies by several authors [25] [26] [27] . In addition, this approach is increasingly used in cohort studies examining factors potentially associated with cancer risk, including breast cancer [28] [29] [30] [31] [32] [33] .
Follow-up time for cases was accrued from date of birth until the date of diagnosis of breast cancer, and for noncases from the date of birth until the date of death, loss to follow up, or administrative censor date (August 31, 2002), whichever was earliest. Women with missing data for any of the exposure or outcome variables (n = 9,794) were excluded, leaving a total of 78,746 women available for the Cox regression analysis. Data on income (n = 6,568) and diet (n = 3,583) were most often missing. Women with missing income information had slightly higher rates of breast cancer than those with income information. However, this difference in breast cancer incidence was quite small (2.11 vs. 2.05%). In addition, models with a dummy variable for missing income were not significantly different from the main model. We also checked our model with a dummy variable for folate as well as alcohol, and these were not significantly different from the main model.
Other covariates considered in our model included the demographic variables ethnicity, income, education, breast cancer risk factor variables (ever use of combined hormone therapy, family history of breast cancer, age of menarche, age of menopause, number of breast biopsies, number of term pregnancies, ever breastfed, BMI, METS, and smoking status). The model was adjusted for energy intake and folate was energy adjusted using the residual method [34] .
We performed extensive model diagnostics including assessing the validity of the Cox proportional hazards assumptions by calculating martingale and Schoenfeld residuals. Race/ethnicity, education and income all failed to meet the proportional hazards assumptions, and hence the analysis was stratified by these variables. Our Cox model includes different intercepts for each stratified group, but common slope parameters. This approach is recommended by Therneau and Grambsch [35] and we follow their technique. Because the number of breast cancer cases was quite small in non-Caucasians (e.g. African Americans n = 74, Hispanics n = 43), we lacked statistical power to examine outcomes among minority groups.
The effect of source of folate (diet versus supplement) was evaluated using several additional models. We examined our model using only dietary folate intake, then supplemental folate intake alone. We also treated dietary and supplemental folate as separate variables, including both in the model. For our final model, we combined dietary and supplemental folate and treated it as a single variable. We found no significant differences among models and so we report combined dietary and supplemental folate intake in our final model.
Results
During a mean follow-up of 5.5 years (SD = 1.3 years), 1,783 cases of invasive breast cancer were identified. Table 1 summarizes demographic and risk factor information for women who developed breast cancer subsequent to baseline and those who did not. Women who developed breast cancer were older, more likely to be Caucasian, had higher mean incomes and education levels, were more likely to use hormone therapy, had earlier menarche and later menopause, lower mean number of pregnancies, and were more likely to have smoked. Baseline alcohol and folate intakes are shown in Table 2 . For the entire cohort, intake was 5.6 g/d (SD 11.2), and baseline total folate was 446.0 (SD 289). The percentage of women taking folate from any supplement source was higher among women who developed breast cancer versus those who did not (51 vs. 48.5% P \ 0.01). The relative contribution of supplements or multivitamins (MVI) to total folate increased with increasing total folate consumption. In the top quartile of folate intake, 59% of intake was from supplements, versus 3% in the bottom quartile. Table 2 shows the relationship between alcohol and total folate intake and risk of breast cancer in our adjusted Cox model. We present models using alcohol and folate as continuous variables, as well as categorical variables. In both models, alcohol was associated with an increased risk of breast cancer. For each gram of alcohol per day, there was a 0.5% increased risk of breast cancer (P = 0.009). There was evidence for an increase in risk of breast cancer in individuals in the upper two categories of alcohol intake, though these relationships were not statistically significant (P = 0.08 and P = 0.15 respectively). Folate intake was not related to breast cancer incidence in either the continuous or the categorical model. There was no evidence for an interaction between alcohol and folate (P = 0.34).
We tested for interactions between alcohol and the following variables: race/ethnicity, family history of breast cancer, use of hormone therapy, and BMI. We repeated these analyses for folate. None of the interactions were statistically significant. In addition, we tested for three-way interactions between alcohol, folate, and the above variables. None of these interactions were significant, although our power to test for these interactions was limited.
To determine whether folate was protective among those with higher alcohol intakes, we examined risk of breast cancer among levels of folate by increasing alcohol consumption (Table 3) . We found no evidence for a protective effect of high folate among those in the uppermost intake yielded similar results to the main model using combined dietary and supplement folate intake (data not shown).
Discussion
Our results are consistent with the conclusions from several pooled analyses and reviews [7, 8, 18, 36] suggested increased risk of breast cancer with low levels (i.e. 3 drinks per week) of alcohol consumption. Contrary to most [9] [10] [11] [12] [13] 37] , though not all [14, 38, 39] previous large cohort studies, we did not find that folate attenuated the increased risk of breast cancer observed among alcohol consumers. Strengths of our study are the diversity of the WHI-OS participants, the prospective design, the high rates of follow-up, and strict criteria for breast cancer end points. Methodological differences could explain the discrepancies between our results and those from previous cohort studies. Researchers have noted the difficulty in capturing both folate [15, 40, 41] and alcohol intake [42, 43] . Of eight large cohorts of women [9-14, 37-39, 44] in which alcohol, folate and breast cancer risk were explored in detail [ Table 4 ] all used a similar FFQ for folate measurement [12, 14, 37, 45, 46] , as was used in the WHI-OS [24] , except two [13] [9] . Correlation coefficients for dietary folate (0.57), total folate (0.69), and alcohol (0.89) in the WHI [24] were equal or superior to those in the other studies. Hence, our results are unlikely to be explained by differences in validity of the measurement tools for alcohol and folate.
that have
It is possible that we underestimated dietary folate intake because of changes in the fortification of cereals and grains which began in the early 1990s and was completed by the end of 1997 as part of a federal mandate [47] . Recruitment for the WHI-OS (and hence completion of the FFQs) occurred between Oct 1993 and Dec 1998. However, recruitment for the WHI-RCTs (which was conducted concurrently with the WHI-OS) was a priority so most of the women in the WHI-OS were recruited during the last year of recruitment, when folate supplementation was nearly complete. Therefore, we likely underestimated folate dietary intake. Folate fortification in cereals and grains has increased dietary folate by *100 lcg/d lcg/day in women, although the increase in women 45 and older is higher (*200 lcg/d) [48] . It is possible that we failed to see a protective effect with increasing folate intake among alcohol consumers because nearly all these postmenopausal women were obtaining adequate folate. However we examined the lowest 10% of folate intake and failed to find any attenuation of breast cancer risk among alcohol consumers. Still, this remains a possible explanation for our findings.
One limitation of our study is the use of only one baseline measurement of alcohol and folate. However, most previous cohort studies exploring alcohol, folate and breast cancer share similar limitations [9-11, 14, 37] yet found a protective effect for folate on breast cancer risk in alcohol consumers. Thygesen et al. [49] found the strong relationship between baseline alcohol intake and breast cancer risk was markedly attenuated when recent alcohol use was included. If, as the authors' theorize, alcohol's effects on breast cancer risk are not immediate but take several years to realize, then using baseline measures is most appropriate. This cohort's median intake of dietary folate was similar to that reported in several other studies (238 vs. 209-294 lcg/d) [10] [11] [12] [13] , but lower than that in a more recent US cohort study (660 lcg/d) [44] . Not all studies had information on non-food sources of folate (supplements and multivitamins). In the WHI-OS, 44% reported taking a supplement that contained folate, which is higher than in the Iowa Women's Health Study cohort (28%) [11, 37] , but much lower than the more recent study by StolzenbergSolomon (85%) [44] . Essentially all MVIs contain folate, and most studies did report on MVI intake. In the WHI-OS, MVI intake (just over 40%) is higher than some cohorts [9, 11] , lower than others [44] and similar to several others [12, 13, 14] . If failure to detect a protective effect of folate were related to higher folate intake from MVI and supplement use, we would have expected the model in which supplement use was an independent variable (not combined with food intake), to indicate this. However, we found no significant differences.
The median alcohol consumption in this study (4.33 g/d) was similar to previous cohort studies of postmenopausal women (4.0 g/d -4.9 g/d) [11] [12] [13] [14] 37] , and the magnitude of the increased risk of breast cancer is consistent with the estimates obtained in two large meta-analyses examining alcohol and breast cancer risk [7, 8] .
Our length of follow-up (5.5 years) was substantially shorter than in the previous cohort studies (10-16 years) [9] [10] [11] [12] [13] , with the exception of two studies [14, 44] . If folate's protective effect is exerted early in carcinogenesis, cases occurring within the first 6 years of follow-up may not demonstrate the postulated protective effect of high folate intake. Giovannucci et al. [50] observed that it took at least 10 years before any protective effect against colorectal cancer was observed among high folate consumers. It is notable that Feigelson et al. [14] , with a comparable length of follow-up, also failed to find that folate modified the relationship between alcohol and folate.
The present study does not confirm the previously described protective effect of folate on breast cancer risk for postmenopausal women who are moderate alcohol consumers. Although the increased risk of breast cancer with alcohol consumption is relatively small (13% for approximately 1 drink/day), our result emphasizes the need to include breast cancer risk among the list of hazards for even the low levels of alcohol consumption considered ''safe'' according to the National Institute on Alcohol Abuse and Alcoholism (NIAAA) guidelines [51] . Folate may no longer attenuate the risk of breast cancer in alcohol users simply because nearly all women are receiving adequate amounts of folate in their diet. Future cohorts studies conducted entirely in the post-fortification era should examine this issue. Finally, further follow-up of this cohort is warranted to determine if a protective effect of folate emerges over time, and to examine the effects of folate fortification in the diet.
